dyssynchrony and LV functional recovery after acute myocardial infarction (MI) remains unclear. Accordingly, the aim of the present study was to evaluate the temporal evolution of LV synchronicity after acute MI, and to explore the relationship between changes in LV systolic function and LV synchronicity.
INTRODUCTION
Recently, impairment of the synchronicity of left ventricular (LV) contraction has been described in the acute phase of myocardial infarction (MI); 1 -4 in this setting, the presence of LV dyssynchrony has been shown to have a detrimental effect on haemodynamic function, midterm LV remodelling, and long-term prognosis. 1 -4 However, scarce data are available regarding the temporal evolution of LV dyssynchrony during the follow-up. In addition, the relationship between temporal changes in LV dyssynchrony and LV functional recovery remains unclear.
Accordingly, the aim of the present study was two-fold: first, to assess the temporal evolution of LV synchronicity after acute MI, and second, to explore the relationship between changes in LV systolic function and LV synchronicity.
METHODS

Patient population
One-hundred ninety-three consecutive patients admitted with a first STsegment elevation acute MI were selected from an ongoing registry. 2 Patients with a QRS complex duration >120 ms were excluded from the study.
The diagnosis of acute MI was made on the basis of typical electrocardiographic changes and/or ischaemic chest pain associated with increased plasma levels of cardiac biomarkers. 5 Immediate coronary angiography and primary percutaneous coronary intervention (PCI) of infarct-related artery were performed in all the patients. The infarctrelated artery was identified by the site of coronary occlusion during coronary angiography and electrocardiographic criteria. Troponin T levels were determined at admission and at 6, 12, and 18 h of admission. Realtime three-dimensional echocardiography (RT3DE) was performed 48 h after PCI to assess global LV systolic function and LV dyssynchrony; in addition, the presence and grade of mitral regurgitation and diastolic dysfunction were evaluated with two-dimensional colour, pulsed, and continuous wave Doppler echocardiography. At 6 months follow-up, RT3DE was repeated and global LV systolic function and LV dyssynchrony were re-assessed. Accordingly, changes in LV systolic function and synchronicity were evaluated at follow-up and the relationship between these changes was explored. These echocardiographic examinations were performed as part of the routine, comprehensive assessment of patients presenting with acute MI in our clinic, and not purely for study purposes.
Clinical, angiographic, and echocardiographic data were prospectively collected in the departmental cardiology information system (EPD-Vision®) and retrospectively analysed.
Real-time three-dimensional echocardiography
Patients were imaged in the left lateral decubitus position with a commercially available system (Vivid 7, GE Healthcare, Horten, Norway) equipped with a 3V-phased array transducer (2.5 MHz). Apical full-volume three-dimensional data sets were acquired in harmonic mode, integrating, during a brief breath-hold, eight R-wave-triggered sub-volumes into a larger pyramidal volume (90° by 90°) with a complete capture of the LV. The 3D data sets were digitally stored and a dedicated software (4D LV-Analysis©; TomTec, Munich, Germany) was used for the offline analysis. The algorithm used by the software to calculate LV end-diastolic volume (EDV), LV end-systolic volume (ESV), and LVEF is described in detail elsewhere. 6, 7 Briefly, a semi-automated method for the detection of the apical four-chamber view and the 60° and 120° incremental views and for the tracing of the endocardial border in the entire 3D data set score index (WMSI) was calculated for each patient. 8 In addition, the same LV model was used for the assessment of LV dyssynchrony, as previously described. 9 Briefly, the LV model was automatically divided in 16 pyramidal sub-volumes (six basal segments, six mid segments, and four apical segments) based around a non-fixed central point. For each volumetric segment, the time-volume curve for the entire cardiac cycle is derived and the time to minimum systolic volume (Tmsv) is calculated.
The standard deviation (SD) of the 16 segments Tmsv expressed in percentage of cardiac cycle (the systolic dyssynchrony index, SDI) was then calculated as a marker of global LV dyssynchrony. 9 As previously reported, 2 a normal control group value of SDI was 2.02±0.70%; significant mechanical dyssynchrony was defined as an SDI > 3 SD above the mean for normal subjects (4.12%).
Two-dimensional echocardiography
Two-dimensional echocardiography was performed with the same The severity of MR was quantitatively determined by integrating different echocardiographic parameters such as vena contracta width and regurgitant volume measured with the proximal isovelocity surface area method, as recommended. 10 As previously described, 11 
Characteristics of the patient population
Baseline characteristics of the study population are summarized in Table   1 . A total of 59 (40%) patients had an anterior acute MI; obstructive multi-vessel disease (i.e. more than 1 vessel with a luminal narrowing ≥70%) was present in 52 (35%) patients. The median peak value of troponin T was 2.97 µg/L (1.41-6.06 µg/L). Mean LVEF was 47±8% and mean SDI was 5.01±2.10%, respectively. A total of 87 (59%) AMI patients had an SDI higher than 4.12%, therefore having significant mechanical dyssynchrony.
Of note, anterior AMI patients had significantly worse SDI when compared with non-anterior AMI patients (6.06±2.58 vs. 4.31±1.32%; p <0.001).
Conversely, no difference in SDI was observed between single-vessel and multi-vessel disease patients (4.83±1.87 vs. 5.35±2.46%; p = 0.19). 109±32 ml; p = 0.094), whereas LVESV remained unchanged (56±18 vs. 55±24 ml; p = 0.48); however, a total of 34 (23%) patients showed adverse LV remodelling (defined as an increase ≥15% of LVESV) 12,13 at 6 months follow-up.
Evolution
A significant improvement in LVEF (47±8 vs. 50±9%; p <0.001) and SDI (5.01±2.10 vs. 4.52±1.97%; p = 0.003) was also noted (Figure 1) . A total of 72 (49%) AMI patients remained with an SDI higher than 4.12%, therefore still having significant mechanical dyssynchrony at 6 months follow-up. 
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A strong correlation was found between ΔLVEF and ΔSDI (β = −0.63; p <0.001); importantly, patients having an improvement in LV synchronicity showed also an improvement in LVEF, while worsening in SDI was associated to a further decline in LVEF (Figure 2) . A significant but weak correlation was observed also between ΔLVESV and ΔSDI (β = 0.33; p <0.001). The R 2 of the model selected at multivariate analysis was 0.57. Abbreviations as in Table 1 .
Correlates of change in LV systolic function (LVEF) at 6 months follow-up In the present study, an improvement in LVEF was shown at 6 months follow-up in patients with a first acute MI successfully reperfused. Of note, LV functional recovery (expressed as positive ΔLVEF) was significantly and inversely related to peak value of troponin T (reflecting myocardial damage) and baseline LVEF. In addition, the inverse relationship between baseline LVEF and improvement in LV systolic function during follow-up is likely related to functional recovery of stunned myocardium. 14 -16 Furthermore, LV dyssynchrony early after acute MI has been related to LVEF and LV remodelling at follow-up. 1 remodelling is characterized by hypertrophy and fibrosis of the noninfarcted regions and expansion and thinning of the infarct core. 21 These changes determine a redistribution of myocardial fibre strain with increasing myocardial work and energy demand. 17 -19 The addition of LV dyssynchrony may impact negatively on myocardial fibre strain further impairing LV global performance and favouring LV remodelling.
Clinical perspective
The present study demonstrates that the impairment in LV synchronicity observed early after acute MI is not a permanent phenomenon. In the overall study population, restoration of LV synchronicity was observed, which was related to LV functional recovery. Conversely, progressive worsening of LV dyssynchrony during the follow-up appeared to be an ominous mechanism, which independently contributed to progression of LV dysfunction. Accordingly, beside the essential role of timely and effective revascularization of the culprit vessel, therapeutic strategies to restore a more synchronous LV contraction could potentially be useful in this group of patients. image quality is highly dependent on the acoustic window; consequently, analysable 3D LV model may be technically difficult to acquire in some patients. 7 Peak troponin T levels measured within the first 18 h of admission may not accurately reflect the infarct size. 22 However, these peak levels are clinically relevant as they predict major cardiac events at follow-up. Finally, the present study did not focus on regional changes in LV mechanics.
CONCLUSION
A temporal evolution of LV synchronicity was observed after a first, mechanically reperfused, acute MI. The reduction in LV dyssynchrony independently influenced LV functional recovery in these patients.
